Treatment for hemorrhagic shock secondary to a spontaneous hemoperitoneum includes restoration of IV volume and surgical control of hemorrhage. This study was designed to determine if limited fluid volume resuscitation (LFVR) with hypertonic saline (HS) and hyperoncotic fluids (hydroxyethylstarch [HES]) results in more rapid cardiovascular stabilization in dogs with spontaneous hemoperitoneum versus conventional resuscitation (CR) with large volume resuscitation. Eighteen client-owned dogs presenting in hemorrhagic shock with a spontaneous hemoperitoneum were enrolled. Dogs were randomized to be fluid resuscitated with up to 90 mL/kg of an isotonic crystalloid (CR group) or up to 8 mL/kg of 7.2% Na chloride (i.e., HS) combined with up to 10 mL/kg of 6% HES. Measurements of vital signs, lactate, packed cell volume (PCV), total solids (TS), and blood pressure were made at standard time points. The primary end point was time to stabilization of hemodynamic parameters (measured in 
Introduction
Hemorrhagic shock secondary to spontaneous hemoperitoneum, defined as spontaneous hemorrhage within the peritoneal cavity without evidence of trauma, is common in dogs evaluated in an emergency room setting. Immediate treatment goals include restoration of IV volume and prompt surgical control of hemorrhage. Conventional resuscitation (CR) with large fluid volumes with isotonic crystalloids based on the replacement of estimated blood volume (90 mL/kg in dogs) has been recommended, although it has been recommended to start with one-quarter to onethird of this calculated volume and reassess the patient before giving more fluids. [1] [2] [3] Disadvantages of CR include long administration time, rapid redistribution to the interstitial space with potential edema formation, hypothermia, and the potential to exacerbate bleeding by dislodging clots and diluting circulating clotting factors. 2, 3 Those concerns have given rise to alternative types of fluid resuscitation during active hemorrhage, such as limited fluid volume resuscitation (LFVR).
LFVR is often also referred to as low-volume or small-volume fluid resuscitation. LFVR protocols attempt to use the smallest volume of fluid possible to restore the IV volume and resolve shock, thus minimizing fluid extravasation into the interstitium and the probability of disrupting a forming blood clot. 4, 5 Protocols often include the use of hypertonic saline (HS) and/or colloids.
The blood pressure resuscitation endpoint is lower than with CR, and a mean arterial blood pressure (MAP) of 70 mm Hg or a systolic arterial blood pressure (SAP) of 90 mm Hg (i.e., low/ normal to maintain perfusion to vital organs) is acceptable until definitive control of hemorrhage is achieved. 4 ,5 LFVR should not be confused with either hypotensive resuscitation (HypR) or delayed resuscitation (DR). With HypR or DR, the patient is either permitted to remain hypotensive or fluids are withheld, respectively, until bleeding is definitively controlled. 2, 6, 7 During
HypR, the patient is resuscitated to a MAP of no greater than 60 mm Hg until definitive control of hemorrhage is achieved. 2, 6, 8, 9 During DR, on the other hand, no fluids are given until definitive control of hemorrhage can be achieved. 7 Once bleeding is controlled in either situation, aggressive fluid resuscitation is initiated. Figure 1 .
Fluid Resuscitation
Dogs were randomly assigned, via an envelope system, to receive were measured at baseline and q 5 min until the patient stabilized.
The same measurements were repeated 30 min after stabilization. Other supportive care measures, as well as care after stabilization, were at the discretion of the primary clinician. Dogs were considered stable when they achieved objective endpoint goals of resuscitation (HR , 120 beats/min, RR , 40 beats/min, and SAP . 90 mm Hg). In addition, a whole-blood venous blood gas, lactate, and PCV/TS were performed 30 min after achieving the vital endpoints of resuscitation. Dogs were resuscitated until endpoints were reached, not until a specific volume of fluid had been infused. The primary outcome measure was time until objective stabilization (measured in min).
Statistical Analysis
Normally distributed data were displayed as mean 6 standard deviation, and nonparametric data were displayed as median (range). Most parameters were not normally distributed; thus, nonparametric statistics were performed. Parameters were compared between the CR and LFVR groups and between survivors and nonsurvivors using a Mann-Whitney test. A P value , .05 was considered significant. Statistics were performed using commercially available software e .
Results
In total, 166 client-owned dogs with hemoperitoneum were screened for inclusion in this study over an 18 mo period. Of those, 29 dogs did not meet inclusion criteria because 7 dogs did not have spontaneous hemoperitoneum (6 were traumatic, 1 was coagulopathic), and 22 additional dogs were not in hypovolemic shock.
Of the 87 remaining dogs, 24 were not enrolled due to clinician preference, 28 were euthanized without treatment, 13 received an Table 1 .
Six dogs in this study had cardiac arrhythmias (three with ventricular premature contractions and three with sustained ventricular tachycardia) postresuscitation. Five dogs were in the CR group and 1 dog was in the LFVR group. The 3 dogs with sustained ventricular tachycardia were all successfully treated with 2 mg/kg of lidocaine h via IV bolus followed by a constant rate infusion at 50 mg/kg/min. Postfluid resuscitation pRBC transfusion requirements were similar between the two groups during their hospital stay (mean, 17.2 mL/kg in the CR group; mean, 22.9 mL/kg in the LFVR group; P ¼ 1).
Six dogs in the CR group underwent exploratory celiotomy.
One was euthanized intraoperatively due to suspected diffuse neoplasia, 1 was euthanized postoperatively after an episode of collapse, and four survived to discharge. Three dogs were euthanized without surgery due to suspicion of diffuse metastatic neoplasia on abdominal ultrasound (i.e., due to the presence of multiple cavitated hepatic and omental nodules). Necropsies were offered but declined. Of the 4 dogs that survived until discharge, in the LFVR and $5,474 in the CR groups; P ¼.34) as shown in Table 1 .
When survivors were compared with nonsurvivors (i.e., those euthanized), the only differences were in the abdominal fluid TS and plasma lactate at baseline. Dogs that were euthanized had significantly lower abdominal fluid TS (47 g/L 6 9.0 g/L) than dogs that survived to discharge (56.6 g/L 6 7.4 g/L), with a P value of .027. Additionally, dogs that did not survive to discharge had significantly higher baseline lactate (8.8 mmol/L 6 3.8 mmol/L) than survivors (6.13 mmol/L 6 2.8 mmol/L), with a P value of .027.
Discussion
This study compared CR using isotonic crystalloids to a LFVR strategy using HS in combination with HES in dogs with hypovolemic shock due to hemoperitoneum. Consistent with previous reports, the majority of dogs in this study had splenic HSA. This Those conclusions are similar to those made about LFVR versus CR for cases of experimentally induced gastric dilatation-volvulus in previous studies. 10, 16 There were positive findings in the short term in that dogs were resuscitated faster with less fluid, but overall survival was the same. In addition, in that study, dogs in the LFVR group had a higher cardiac output and less hemodilution. 10 LFVR techniques using hypertonic crystalloids and colloids expand plasma volume for 2-3 hr. In contrast, with resuscitation using only isotonic crystalloids, only 10-25% remains within the vasculature 1 hr later. 36 In fact, it has been suggested that that isotonic crystalloids should not be used as the sole type of fluid resuscitation during hemorrhagic shock. 4 Additional theoretical benefits of LFVR include a decreased risk of hypothermia, dilutional coagulopathy, rebleeding, and interstitial edema formation when compared with CR. In addition, LFVR protocols have 
